INTRODUCTION
Radiotherapy exerts an accumulative, progressive, and unpredictable effect on tissue; doses > 50 Gy to abdominal and/or pelvic tumors frequently cause chronic radiation proctopathy (CRP) (1, 2) . Damage to the rectum is due to its vicinity and the fixed location within the pelvic radiation field (3, 4) , while tolerance is inversely proportional to the volume of the radiated organ. Known predisposing factors for CRP include: age > 60 years, comorbid disease (i.e. hypertension, diabetes and atherosclerosis), clinical stage and pelvic surgery. Concomitant use of chemotherapy also increases tissue damage (4, 5) .
Radiation proctopathy can present acutely in 75-80% of patients and of these, 4-22% will progress to a chronic phase (2, (5) (6) (7) (8) . Chronic damage to the intestinal muscle wall decreases vascularity therefore inducing ischemia, submucosal fibrosis and ulceration of the superficial mucosa (9, 10) . Local angiogenesis is a compensatory mechanism which reduces ischemia and tissular damage, but can cause rectal bleeding in about 3% of cases (2, (7) (8) (9) (10) .
Rectal bleeding is usually persistent and recurrent episodes requiring multiple transfusions and hospitalization are frequent; this leads to a decreased quality of life (QOL). Many therapeutic modalities have been described, but none have been completely successful for the control of rectal bleeding in this setting (7, (11) (12) (13) (14) (15) (16) (17) . At this time, there is no treatment that can be considered the "gold-standard", although argon plasma coagulation (APC) and hyperbaric oxygen therapy (HOT) have consistently demonstrated the best outcome with a mean efficacy of 86 and 56%, respectively (11) (12) (13) (14) (15) (16) .
OBJECTIVES
The aim of our study was to compare the efficacy of APC vs. HOT for the control of rectal bleeding due to CRP, 
MATERIALS AND METHODS
A prospective study for evaluating treatment response was conducted in patients with CRP secondary to radiotherapy for cervical cancer treated at the Instituto Nacional de Cancerología in Mexico City. All patients had rectal bleeding due to CRP (grade 4 in Chutkan scale) (18) and all underwent full colonoscopy examination to rule out other causes of bleeding (i.e. local tumor activity or diverticulosis). Patients were excluded if a full endoscopic examination could not me performed (i.e. stricture, fistula) or if they were using anticoagulants, anti-platelet agents or nonsteroidal anti-inflammatory drugs (NSAIDs).
Patients were not randomized and they were sent for either APC (group A) or HOT (group B) by their primary care physician, according to resource availability at the time of referral. Specifically, the duration or severity of bleeding did not influence the treatment modality used.
The following data were collected: demographics, radiation dosage (Gy), duration and severity of rectal bleeding according to the Chutkan scale (Table I) , transfusional requirements and endoscopic grade of proctopathy (19) (Table II) , tissue toxicity was assessed using the SOMA-LENT (subjective, objective, management, analytic-late effects on normal tissue-taskforce) score. This tool provides a standardized and reproducible global assessment of the severity of radiation-induced complications (7) .
The main end points for the study were hemoglobin level (Hb), hematocrit (Hct), and results of the SOMA-LENT questionnaire at baseline and at 1, 2 and 3 month followup, the number of sessions, percentage of treatment failures and development of complications. The severity of rectal bleeding and endoscopic grade of proctopathy at the end of follow-up were also recorded.
Techniques

APC
Non-contact coagulation was carried out using an ERBE ICC 200 coupled to an APC 300 unit (ERBE Elektromedizin GmbH, Tubingen, Germany). A 2.3-mm-diameter Teflon® catheter was used at flow rate of 1.6 L/min, with a current power of 60-W. At this settings, vessels measuring up to 1.5mm in diameter can be treated and tissue coagulation to a depth of 0.5-3 mm can be obtained (19) . Argon was applied in non contact fashion to all endoscopically visible abnormal mucosa.
HOT
Patients were treated in a conventional hyperbaric chamber (SECHRIST 2800 Anaheim CA, USA) set at a pressure of 2-2.5 absolute atmospheres (ATM), with 100% hyperoxygenation in 90-min sessions. Each patient underwent at least 30 sessions as described in the literature (17) .
Results are presented as mean and standard deviation (SD) with 95% confidence interval (95% CI). The χ 2 test and one-tailed ANOVA was used to calculate differences between groups to a statistical significance of 0.05.
The study protocol was approved by the Institutional Research and Ethics Committees.
RESULTS
A total of 31 patients with cervical cancer-associated CRP were recruited. Clinical and demographic data are shown in table III. Fourteen patients were included in group A (APC) and 17 in group B (HOT). Even though patients were not randomized to a specific treatment modality, there were no statistically significant differences between groups at baseline with regards to age (59.3 ± 12 vs. 51.9 ± 12.5 years; p = 0.1), BMI (26.4 ± 4.3 vs. 23.8 ± 3.9; p = 0.08), total radiation dose (81.1 ± 9 vs. 78 ± 13.9; p = 0.5), duration of rectal bleeding (9.6 ± 5.1 vs. 7.8 ± 4.7 months; p = 0.15), Hb levels (9.9 ± 2.3 vs. 10.2 ± 2.6 g/dl; p = 0.69), number of transfusions (5.6 vs. 3.0 transfusions; p = 0.17), or SOMA-LENT score (13.3 ± 2.9 vs. 12.1 ± 2.9; p = 0.31).
At 1 month follow up, no difference was observed between the two groups with regards to Hb levels (11.2 ± 2 vs. 10.7 ± 2.5; p = 0.54); however, the number of transfusions (0.6 ± 1.1 vs. 3.4 ± 3.9; p = 0.03) and tissue toxicity score (5.3 ± 3.4 vs. 8.6 ± 3.7; p = 0.01) were significantly better for the APC group (Tables IV, V and Fig. 1 ). Drops of blood in the toilet Grade 3
Severe hemorrhage with expulsion of clots Grade 4
Hemorrhage that requires transfusion At the second month follow up, the number of transfusions required by patients treated with HOT decreased, while there was no further change in the APC group (0.7 ± 1.3 vs. 2.5 ± 3 transfusions; p = 0.04), but there was still a statistically significant difference between groups in number of transfusions and tissue toxicity score (3.8 ± 2.9 vs. 7.2 ± 4.8; p = 0.03). At the end of follow-up, there was continued improvement in both groups, with no statistically significant differences between them.
The mean number of session per patient was 3 ± 1 session for the APC group and 35 ± 5 sessions for the HOT group. Complications presented in 5 patients in the APC group: two patients (18%) presented with rectal pain after the first session which resolved after 2 weeks; and three patients (27%) developed APC-associated rectal ulcers with good clinical response by the end of follow-up. Two patients in group A and 3 patients in group B had persistent rectal bleeding at the end of follow-up and were considered treatment failures. The two patients in group A were referred for HOT with clinical improvement in both, one of the patients in group B was treated with APC with good clinical response, and the two remaining patients had to undergo terminal colostomy for refractory bleeding.
DISCUSSION
Treatment with APC or HOT had similar results at the end of follow-up (control of rectal bleeding, reduction in number of transfusions, and improvement in the tissue toxicity), however, clinical response was faster with APC.
CRP is a complication of radiation treatment for pelvic malignancies. At our institution, it is a frequently encountered entity in patients treated for cervical cancer. Rectal bleeding is the most common clinical sign that can negatively impact the patient's QOL. There are no prospective studies comparing the effectiveness of APC to other treatment modalities (20) .
Sebastian et al. (18) , conducted a clinical trial without a control group (n = 25) in patients with CRP associated chronic rectal bleeding where they found a 76% efficacy for APC (1-4 sessions/patient), however they also included patients with prostate and bladder cancer, whose radiation field is different than for cervical cancer. They also found a significant decrease in the number transfusions required per patient.
Vargo (20) in a systematic review, reported a decrease in packed red blood cell requirements of up to 97.1% after two APC sessions. In our study, we observed a decrease in transfusion requirement from 6.0 units of packed red blood cells at baseline to 0.6 ± 1.1 (at 1 month), 0.7 ± 1.3 (at 2 months), and 0.5 ± 0.8 (at 3 months) follow-up (p = 0.01). The number of APC sessions required by each patient ranged from 1 to 4. 
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We observed a discrete improvement in Hb levels, however this did not reach statistical significance (95% CI, 8.9-11.2 vs. 95% CI, 10.2-2.5; p = 0.13). Also, the degree of rectal bleeding and the SOMA-LENT toxicity score decreased significantly, from 13.3 (95% CI, 11.5-15) before treatment to 3.0 (95% CI, 1.2-4.8) (p = 0.0001) at 3 month of follow-up.
Villavicencio et al. (14) reported a 91% efficacy in patients with recurrent CRP-associated rectal bleeding after APC application (1-1.7 sessions). Complications were present in 14% of the cases (pain, tenesmus, and diarrhea). Similarly, in our study, two patients (18%) presented with rectal pain after the first session which resolved after 2 weeks and three patients (27%) developed APC-associated rectal ulcers with good clinical response by the end of follow-up. Ravizza et al. (13) reported control of bleeding in 88.8% of patients after the first APC application; however, the majority of patients presented complications such as rectal ulcers and persistent pain that lasted on average 2.5 months. The presence of complications was probably due to the fact that they treated extensive areas of mucosa in two sessions. In order to decrease the number of complications they modified the current and gas flow from 60 to 40 W and 3 to 2 L/min, respectively. In contrast, a similar power setting (60 W) with a lower gas flow was used (1.6-L/min) in our study and extensive areas of mucosa were never treated in a single session, therefore a greater number of APC sessions were performed (3 ± 1 sessions per patient). Of note, the size of the area to be treated in each session has not been reported in the literature or standardized therefore comparisons with other previously published studies is not possible.
In contrast, Silva et al. (21) reported adequate clinical response without any complications in 28 patients with anemia and recurrent rectal bleeding treated with two APC sessions. The development of complications, such as rectal pain and mucosal lesions is probably due to several factors, such as degree of CRP, the technique utilized for treatment, the current flow settings, and the extent of the area treated at a single session which to our knowledge has not been studied specifically.
Clarke et al. (7) carried out a randomized multicenter study in 120 patients with persistent hematochezia without response to medical treatment after 3 months. They reported an improvement in the tissue toxicity score after treatment in patients treated with 100% HOT, after 30 sessions (p = 0.0019). In our series, the use of 100% HOT lead to a significant improvement in tissue toxicity score from 12.1 ± 2.9 (95% CI, 10.3-14) at baseline to 8.6 ± 3.7 (95% CI, 6.7-10.4) at 1 month, 7.2 ± 4.8 (95% CI; 5.4-9.1) at 2 months, and 4.7 ± 3.5 (95% CI, 2.9-6.1) at 3 months (p = 0.001).
Kitta et al. (22) published a small case series (n = 4) of patients treated with HOT for refractory rectal bleeding (30-60 sessions) with one patient requiring blood transfusions, and two patients having clinical improvement after 3 months of treatment. In our study, 3 out of 17 patients treated with HOT persisted with rectal bleeding and were considered treatment failures. They were referred for other treatments (APC, surgery). The predictive factors for treatment failure are unknown.
Finally, proctopathy-associated rectal bleeding is a challenging disorder. A significant number of patients will persist with symptoms and poor QOL. It is necessary to evaluate treatment response, compare different treatment options, increase the sample size and improve patient selection in order to obtain more information regarding the management of these patients.
CONCLUSIONS
Treatment with APC or HOT is similar with regards to rectal bleeding, transfusion requirements and improvement in the tissue toxicity. However, clinical response was faster with APC. A significant number of patients will persist with rectal bleeding and poor QOL despite treatment with any of these modalities. Combination treatment should be studied in future studies.
